, Stokstad (1941) , Mitchell, Snell & Williams (1941), and O'Dell & Hogan (1943) have described the isolation, from various sources, of substances wh,ich stimulate the growth of LactobwcUlus helvetieu (ca2ei E) and Streptococcus lacti (faecalis) R. All of these workers used adsorption on norite and elution with ammoniacal solutions as an essential step in the ptocess of isolation. The 'factor thus isolated by Mitchell et al. (1941) from spinach leaves was named folic acid.
Attempts have been made in the present work to prepare by similar methods a concentrate Qf folio acid, but using as starting material a precipitate obtained by the addition of ethanol to a concentration-of 70 % (v/v) during the manufacture of a commercial,liver extract ('Plexan', made by Glaxo Laboratories Ltd.) by the method of Laland & Klei (1936) . This precipitate was dissolved in water and the solution treated with norite. The adsorbate was eluted by ethanolic amm,onia, following the procedure of Snell & Peterson (1940) . The resulting eluate stimulated the growth of L. helvticus when, added to the medium of Landy & Dicken (1942) used for testing for folic acid.
The eluate was next adsorbed on Decalso (an ionexchange adsorbent made bythe Permutit Co. Ltd.), and the adsorbate eluted with hot 10Q% aqueous sodium chloride solution. Both eluate and filtrate stimulated growth of the test organism. It'was also found that at least part of the-active material was present in the precipitate formed when silver nitrate was added to the eluate at pH 7. By combining these three methods, there was prepared a concentrate of which 0-5 ml. gave good growth with L. helveticus; this concentrate contained under lOO,g. total solids/ml.
Attempts to dissolve the active fraction in chloroform, preparatory to attempting partition chronkatography (Martin & Synge, 1941) , led to the discovery that most of the activity was extracted by chloroform from both acid (pH 3) and alkaline (pH 11) solutions, although folic acid is said to be insoluble in chloroform. Both the chloroformsoluble and chloroform-insoluble fractions were capable of stimulating, the growth of L. helveticus and S. lacti,8, and the responsible factors are therefore provisionally designated factor HL 1 and factor HL2 respectively. The latter may be identical with folic acid. Extraction of a more refined liver extract ('Examen ', made by G3laxo Laboratories Ltd.) by chloroform also gave an active fraction; this, on treatment with Decalso, gave an active filtrate and an eluate that was only slightly active. Similarly, when Examen was run through a column of Decalso and the filtrate and the hot 10 % sodium chloride eluate were extracted with chloroform, the extract from the filbrate markedly stimulated the growth of L. helveticus, whilst the extract from the eluate gave only partial stimulation. Barton-Wright & Booth, 1943) , to which had been added 0-25ILg. riboflavin/lO ml. medium. The time of incubation was 16-18 hr., at 370 for L. helveticu& and at 300 for S. lactie R. After incubation the cultures were centrifuged aseptically, the supernatant medium poured off and 10 ml. of sterile 0-9 % saline solution added, followed by aseptic centrifugation. The supernatant saline solution was poured off and the cells were suspended in 10 ml. of 0-9 % saline. 1 ml. of this suspension was then added to 100 ml. of sterile saline solution and this diluted suspension was used for inoculation.
The basal medium employed was a slight modification of that described by Landy & Dicken (1942) (Snell & Peterson, 1940) , precipitation with silver nitrate solution and adsorption on Decalso. The details of the method are recorded in Fig. 1 . Solution A, the charcoal eluate, contained 2-9,mg. total solids/rnl., and stimulated the growth of L. helveticus when added to the folic acid test medium of Landy & Diclpen (1942) . Solution B, the filtrate after adsorption by Decalso, had only slight growth-promoting activity, whereas solution C, the Decalso eluate, containing only 0-1 mg. total solids/ml., was very potent.
Solution C was further fractionated by extraction with chloroform after adjusting one part to pH 3. and another to pH 11 (details in Fig. 2 ). The materials obtained from both chloroform extracts were more active than the residual aqueous solutions. This was a surprising observation since folic acid and related factors have been stated to be ins6luble in chloroform (Mitchell et al. 1941; O'Dell & Hogan, 1943) . Further extraction with chloroform failed to remove any more active material. Since the chloroform-soluble and chloroform-insoluble factors 'stimulated the growth of L. helveticu and S. lacti8, they are provisionally designated factor HL 1 and factor IIL 2 respectively; the latter may be identical with folic acid.
Typical results, indicating the relative activities of the different fractions in stimulating the growth of L. helveticus, are given in Table 1 .
In view of the separation of a chloroform-soluble growth factor from the 70 % ethanol precipitate, it was decided to extract a more refined liver extract' (Examen) \with chloroform, with the object of obtaining a larger quantity of this factor. the chloroform extract thus obtainedwas treated with Decalso. The reverse procedure, that is, adsorption ofExamen on Decalso followed by chloroform extraction, was' also tried. Details of the fractionation are given in Fig. 3 , and the relative activities of the fractions in stimulating the growth of L. helveticus in 
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Charcoal-Decalso eluate (Solution C (Fig. 1) the eluate from the chloroform extract. The filtrate and eluate were then extracted with chloroform, and in both instances the extracts were a9tive. These results appear to establish the presence of two different chloroform-soluble factors, one termed factor HL3 being present in the Decalso eluate, and the other, factor HL4, in the Decalso filtr4te. They obviously differ from factor HL 1 which, though soluble in chloroform 4nd adsorbable on Decalso, is a more potent growth' stimulant, and fromn factor HL2, which is chloroform-insoluble. It is possible, however, that factor HL 1 is a mixture of factors HL3 and HL4.
Action of reagents on the various growth factors Acetylation. The chloroform extract from Examen and the Decalso eluate and filtrate therefrom (solutions H, I and J) were acetylated, by adding to 15 ml. of each of the solutions, 2 ml. of 2N-NaOH and 0*2 ml. of acetic anhydride, repeating the addition after an interval of 2-3 mnm. The mixture was 0@8 0.1 0.1 0.1 0-8 0-8 0*8 3.8 6-3 0*7 2-6 5.7 3-0 6B3 >i.0 6-2 7-3 1.0 3.9 ' 6-8 3-1 8-5
3-1 7-4 9.7 1-4 6-1 9.9 4.3 9.9 4-2 8.9
then left at room temperature for 15 min., neutralized and concentrated in vacuo to 15 ml. from the chloroform extract (solution J) containing factor HL4 was markedly decreased, though not its activity for S. lacti8 R; however, its effect in presence of factor HL 3 decreased for either organism.
Effect of heat, acid and alkali. The stability of factors HL 3 and HL4 was tested under the following conditions: (a) refluxing solutions I and J for 3 hr.; (b) boiling for 3 hr. with 2N-NaOH; (c) boiling for 3 hr. with 2N-HCI. Neither of the factors was appreciably affected, whereas, according to Mitchell et al. (1941) , folic acid is unstable under these conditions.
The effect of a mixture of factors HL 3 and HL4 on L. helveticu8 was also tested on a medium in which the casein hydrolysate was replaced by a mixture of 16 amino-acids. Considerably less growth was obtained with this medium than with the original medium, suggesting that some additional factor may have been present in the casein hydrolysate (Table 3) . An aqueous solution of the chloroform-soluble factors did not exhibit any characteristic absorption bands, but an aqueous solution of the chloroforminsoluble fraction from Examen gave an absorption-spectrum similar to that obtained by Mitchell (1944) for folic acid, with a maximum at 267m,u and a minimum at 249m,u. These were displaced at pH 11 to 282 and 271m,L respectively. DISCUSSION Assuming that factor HL 2 is folic acid, the evidence now presented suggests the existence of two chloroform-soluble factors, each of which can replace folic acid as an essential growth factor for L. helvetieus and S. lactis. The two factors can be separated by treatment with Decalso. The factor not adsorbed on Decalso (HL4) appeared to be more unstable to HN02 than the eluate factor (HL 3). SUMMARY 1. Attempts have been made to prepare a concentrate of folic acid from by-products obtained in the manufacture of a commercial liver extract. In addition to a fraction that could not be extracted from aqueous solution by chloroform, other fractions soluble in chloroform and capable of stimulating the growth of LactobaciUus helveticus and Streptococcus lacti8 were obtained.
2. These fractions are believed to contain three or possibly four different growth factors. The chloroform-insoluble factor, designated factor HL 2, is prob&bly identical with folic acid. Factors HL 1 and HL 3 are soluble in chloroform and adsorbed on Decalso, but whereas HL 1 is a potent growthstimulant, HL3 is only slightly active. Factor HL4 is also soluble in chloroform and is a potent growthstimulant, but it is not adsorbed on Decalso. Factor HL may be a mixture of factors HL3 and HL4. Factors HL3 and HL4 exert a synergistic action on one another,
